career longevity of 2.6 to 4.8 years, and postinjury statistics ranging from 64.4% to >100% of preinjury player performance, depending on the sport played. 6, 11, 12, 24, 27 Although LDHs are career-threatening injuries, these data suggest that many of these players are able to achieve preinjury performance.
The National Basketball Association (NBA) is unique to other professional leagues in that rosters are smaller and players have different body habitus. Because the sample sizes are smaller than other professional leagues, conclusions made from retrospective studies are more challenging with the data available. 2, 12 Consequently, although Anakwenze et al 2 demonstrated few differences in postoperative season performance in 24 NBA players with LDH treated surgically over a 16-year period, confounding variables such as the control group selection criteria may have biased the conclusions, and long-term results were not examined. Particularly in basketball, the wide variability in position demands, physical characteristics, and skill sets makes the appropriate selection of control subjects challenging. Additionally, long-term results and career longevity were not evaluated, which are also fundamental in guiding treatment options and setting expectations. This is the first assessment of nonoperative treatment of LDH in the NBA as well as how it relates to player performance outcomes while assessing long-term performance and career longevity for both treatment modalities.
Methods
Using a previously published methodology, 1, 2, 24, 27 NBA players with symptomatic LDH were identified through team medical records, newspaper archives, injury reports, team transaction reports, player profiles, and press releases between the 1984-1985 and 2013-2014 NBA seasons. Inclusion criteria were players missing at least 1 game during the regular or postseason due to LDH, or placement on the injured list for LDH, confirmed by team transaction reports, cross-checked from official NBA team websites, and corroborated by at least 2 independent public sources. Diagnosis of LDH was primarily made through magnetic resonance imaging (MRI) for players whom we could find through public records. However, for other players, particularly those diagnosed in the late 1980s to early 1990s, players were simply noted to have LDH without reference to how the diagnosis was made. Nonoperatively managed players included those undergoing physical therapy, epidural injections, and/or pharmacological treatment for LDH while playing in the NBA.
Demographic information, including age, height, weight, body mass index (BMI), position, and years of experience during the index season (defined as the season during which the player was diagnosed with LDH and missed at least 1 game) was compiled. In addition, player variables, including games played and player efficiency rating (PER) recorded for the preindex season as well as each of the postindex seasons were recorded from the official website of the NBA (http://www.nba.com) and ESPN (http://espn.go.com/nba/). PER is an objective and standardized measure in professional basketball that adds positive performance metrics (eg, points, assists, rebounds) and subtracts negative measure (eg, turnovers and fouls), adjusted for team pace and playing style, and is normalized to a league mean of 15.0. PER allows for direct comparison of players in different eras and has been used as the primary measure of player performance in a number of recent studies regarding injuries in the NBA. 1, 5, 28 In addition, RTP rates, defined as playing at least 1 game in the NBA during the postoperative season, were also recorded.
Data were used from the past 30 NBA seasons to determine player characteristics and rates of return from both operative (OT) and nonoperative treatment (NOT) of LDH, player characteristics associated with a career-ending injury, and an assessment of player performance changes after 3 postinjury/ surgery seasons and career longevity with a carefully matched group for physical and career attributes. The comparison group was assembled by matching players by position, height, weight, and BMI as well as preinjury/surgery performance statistics. This method provides the most robust and accurate information available regarding the control group for postinjury changes in player performance. For each player of the OT and NOT cohorts, 1:2 matching was performed between test and control players who returned to play and who did not have a seasonending injury or surgery during pre-and postinjury seasons. Players were matched based on data during preindex seasons, including all aforementioned player characteristics and performance variables, along with over 15 other player variables (see Appendix 1, available at http://sph.sagepub.com/content/ by/supplemental-data).
Statistical Analysis
IBM SPSS Version 22 was used to perform all descriptive and comparative analyses. Categorical player variables (based on 1 SD above the mean) between players returning to play during the postinjury season were compared with those of players who did not RTP using the Fisher exact test.
Index seasons for the controls were matched in time with those of the test players. Mean difference between preindex and each of the 3 postindex seasons played and PER was compared using independent t tests and the Levene test of equality. Finally, career longevity between test and control groups was compared using Kaplan-Meyer survivorship analysis and the log-rank Mantel-Cox test. A P value ≤0.05 was deemed statistically significant.
Results
A power analysis was performed (0.80), and the minimum number of players in each test group required to detect a significant difference (α, 0.05) between test subjects and controls, calculated using independent t tests, was 25. A total of 61 players met the inclusion criteria of this study, of whom 34 (55.7%) and 27 (44.3%) were treated operatively (OT) and nonoperatively (NOT), respectively. For the 13 players (21.3 %) who did not RTP the following season (regardless of treatment), both height and the position of center were negative predictors (P = 0.002) ( Table 1) . Additionally, there was no difference in RTP rates between OT and NOT cohorts (P = 0.999).
After excluding rookies and those that did not successfully RTP (Figure 1 ), no significant differences were found in player characteristics between treatment and control players (P > 0.05), demonstrating adequate matching (see Appendix 1). Athletes treated operatively had played significantly fewer games (-8.64 ± 3.80 vs 1.54 ± 2.82, P = 0.038) during the first postindex season when compared with controls. A significant difference was not seen during postindex season 2 (P = 0.221) or postindex season 3 (P = 0.684) (Figure 2) . Similarly, operatively treated LDH players had a decline in PER (-1.76 ± 0.85 vs 0.42 ± 0.64, P = 0.049) during the first postindex season compared with controls but no difference during postindex season 2 (P = 0.396) or 3 (P = 0.093) (Figure 3 ). In contrast, players treated nonoperatively had no significant decline in games played during any of the postindex seasons (P = 0.282-0.567) (Figure 4 
discussion
The sport of basketball requires unique physical demands, such as high-impact jumping, trunk rotation, lateral bending, and collisions, all of which can place significant torsional and axial compressive forces on the lumbar spine. 7, 8 When compared with professional athletes of other sports, the effects of significant injuries may be more detrimental to the player's career in the NBA. For example, the negative effects of an anterior cruciate ligament reconstruction and Achilles tendon rupture are significantly greater in NBA players than that seen in the NFL. 1, 3, 9, 15 With significantly fewer players in the NBA compared with other leagues, high levels of competition may create a more difficult threshold for achieving playing time after injury, such as with an LDH. Although the efficacy of LDH treatment is often determined in the general population with the Oswestry Disability Index, visual analog scale, and Short Form-36, elite athletes often require more applicable objective outcome measures to their profession, such as RTP rate, career longevity, and performance-based outcomes. 16 This information may be vital for physicians during decision making, preoperative counseling, and setting long-term expectations for professional as well as elite high school, college, and recreational basketball athletes. A total of 61 NBA players with a confirmed LDH that led to treatment and missed time were included in this analysis, with 78.7% successfully returning to play the following season, which is consistent with previously published data.
2,12 RTP rates did not differ significantly between treatment groups, which is similar to reported results from other sports. 12, 23, 24 Notably, taller players and those who played center were significantly more likely not to RTP after management of LDH (P = 0.005 and 0.002, respectively). Although literature is lacking on anthropomorphic effects on LDH outcomes in the general population, previous studies demonstrate an increased risk of clinically significant LDH with taller patients. While other studies have evaluated changes in performancebased outcomes in athletes after treatment for LDH, control players were only matched for a couple of demographic variables such as height, weight, BMI, position, and experience.
1,2,9,17 Because preinjury performance is an important predictor of postsurgery performance, similar to studies published for other injuries, the current methodology incorporated this variable to improve the selection of appropriate controls. The players that returned to play after undergoing discectomy of LDH played significantly fewer games the following season and had a larger decrease in PER as compared with controls, which was not seen in the nonoperative group. Conversely, in a previously published analysis of 24 NBA athletes with LDH, operative management of LDH did not lead to poorer on-court performance after successful RTP. 2 Notably, this study did not analyze changes in PER, which is an objective and standardized method of assessing player performance and has been used in former studies analyzing injuries in the NBA. 1, 5, 28 PER allows for direct comparison of players of different eras and is adjusted for team pace and playing style, arguably making it a more accurate and clinically relevant metric of player performance than many other player statistics. These results, however, showed that by the second postoperative season, players are able to return to the level of play in terms of games played per season and PER, as the control cohort and career longevity is not significantly affected. This suggests that player performance 1 year after lumbar discectomy may not be indicative of future prognosis and success. In contrast, NBA players undergoing nonoperative treatment of LDH played significantly fewer years after the index season, with no significant differences in games played or PER. The reasons for these disparate outcomes are unclear. Because of this small cohort size, accurate conclusions could not be made directly comparing OT and NOT groups. It is possible that this patient group may have residual effects of the LDH that lead to a difference in career length.
The limitations of this study include the inability to control for inherent confounding variables that may affect player performance such as team offense, concomitant injuries, and other reasons for retirement. While this study analyzes an association of treatment modality and outcomes, it is not known which symptoms related to treatment were the cause of retirement. Moreover, because of the small sample size, a direct comparison through case-control matching with an adequate power could not be made between the OT and NOT cohorts. This methodology could not use potentially helpful variables such as symptoms at presentation, radiographic signs, and preexisting pathology. Additionally, details in treatment modality, such as the type and duration of nonoperative treatment, prior to operative management of LDH were often not stated, and hence, may have been another confounder in these results. Selection bias toward more well-known players is also possible with the capture methods; however, the preindex PER (mean, 13.9 ± 3.8; range, 4.2-26.1) is similar to the league PER (mean, 15.0; range, 5.2-29.9 in the 2013-2014 season), suggesting a representative sample of the entire NBA player population. Finally, the sample size in this study was relatively small, and because of this, definitive recommendations cannot be made.
conclusion
Regardless of treatment type, players had similar rates of return to play. While operatively treated players had a decline in games played and PER during the first postoperative season, no difference in either statistic was seen by the second season compared with controls. Nonoperatively treated players, in contrast, did not have a significantly greater decline in games played or PER, but had a shorter career length compared with controls. 
SORT Evidence Rating
Operative treatment of lumbar disc herniation in professional athletes involves a relatively high rate of return to play. 2, 6, 11, 12 B Lumbar discectomy in NBA players is associated with slight decrease in performance the season after surgery. 
